Most decision-making and problem-solving tasks are too complex to be understood quantitatively. People perform such tasks using knowledge that is imprecise rather than precise. This study presents consistent fuzzy linguistic preference relations rather than fuzzy analytic hierarchy process (FAHP) to select computer integrated manufactory (CIM) systems. T The proposed method yields decision matrices for making T pairwise comparisons using additive transitivity. Only 1 n − comparison judgments are required to ensure consistency on a level that contains n criteria.
Introduction
Zadeh [1] introduced the fuzzy set theory in 1965, to rationalize uncertainty associated with impression or vagueness, and thus applicable to human thought. The AHP method can be used to express experts' opinions, but cannot model human thinking so fuzzy AHP, a fuzzy extension of AHP [2] , was developed to solve hierarchical imprecise problems.
Consistency is crucial for achieving correct solutions in decision process. Due to each positive reciprocal matrix is described by fuzzy numbers in FAHP, so satisfying consistency is very difficult. Furthermore, T establishing a fuzzy T positive reciprocal matrix requires 2 ) 1 ( − × n n judgments to be made for a level with n criteria. The numbers of comparisons increases with the number of criteria, so inconsistent conditions are likely to occur.
In order to solve the consistency problem, we adopt consistent T fuzzy linguistic preference relations to construct fuzzy decision matrix instead of T fuzzy positive reciprocal matrix.T The proposed method yields decision matrices for making T pairwise comparisons using additive transitivity. Only 1 n − comparison judgments are required to ensure consistency on a level that contains n criteria. Finally, the proposed method is demonstrated by applying it to select CIM systems [3] .
Consistent fuzzy linguistic preference relations
The consistent fuzzy linguistic preference relations method was proposed by Wang and Chen [4] to deal with vagueness judgments. This study presents the proposed method to extend on consistency of Fuzzy AHP. The proposed method constructs T fuzzy preference relations matrices T using fuzzy linguistic assessment variables
based on consistent T fuzzy preference relations [5] T . Table 1 lists the fuzzy linguistic assessment variables. Buckley [6] defines the consistency of a fuzzy positive reciprocal matrix as follows. 
to be consistent, the following statements must be equivalent:
We note that if the values of the obtained matrix
. In such a case, the obtained fuzzy numbers would need to be transformed using a transformation function which preserves reciprocity and additive consistency, namely a function ]
Illustrative example
To demonstrate the caculation of the proposed method, this study considers CIM systems selection originally presented by Bozdog et al. [3] . A big Turkish Motor Company wants to purchase a CIM system to produce some machinery parts. The top management determined four alternative CIM systems meeting the company's needs. A group of eight evaluators was charged to choose the best CIM system (Goal). The criteria taken into account are better quality (C1), greater flexibility (C2), competition (C3), experience with new technology (C4), and expandability (C5). The alternatives are CIM1 (A), CIM2 (B), CIM3 (C), and CIM4 (D). The hierarchy of the problem is shown in Fig. 1 .
Fig1. The hierarchy structure
Fuzzy linguistic assessment variables are listed in Table 2 by converting Bozdog's Linguistic scale according to The above example demonstrates how the decision matrices of the proposed method are constructed. The original data in Tables 3 and 4 yield the decision matrices of consistent fuzzy linguistic preference relations according to Propositions 2.1 and 2.2. For instance, Table 3 has five criteria. Only Table 5 lists the consistent fuzzy linguistic preference relation matrix. The matrix has entries that are not contained in the interval [0, 1] , and thus these
are applied. Table 6 lists the Transforming matrix, in which, the weight Table 8 shows these scores. The final score employs the equation
proposed by Yager [7] . The ranks are A > D > B >C. The result is the same as the original example. Table 6 . Transforming matrix from Table 5 Goal C1 C2 C3 C4 C5 Weight 
Conclusions
In this study, the consistent fuzzy preference relations are used to derive decision matrices, and the presented method is applied to the example employed by Bozdog (2003) . This study reveals that the proposed method yields the same result as that of Bozdog. However, the proposed method can reduce the number of pairwise comparisons. The illustrated example involves five criteria and requires needs four comparisons. There are four alternatives and it only needs three comparisons. Therefore, the number of pairwise comparisons can be reduced by 21 ) 3 ( 5 ) 4 ( and consistency is ensured. The proposed method enhances the efficiency and accuracy of decisions. The increase in the number of criteria and alternatives reduces the number of comparison required by the proposed method. This study indicates that the proposed method simply and practically provides a ranking of alternative solutions to fuzzy decision-making problems
